The role of physical activity in preventing and managing chronic disease such as type 2 diabetes, cardiovascular disease, obesity, and certain cancers is wellestablished. 1 Measurement of physical activity is known to be challenging. Self-reported measures of activity are relatively inexpensive and easy to administer but are prone to large measurement error and misclassification. 2 The use of objective physical activity measurements such as accelerometric motion sensors is becoming more widespread, [3] [4] [5] [6] although these measures are also not problem-free. Not all activity is measured well, and accelerometric measures require more commitment and co-operation than many self-reported measures from study participants. Accelerometry has been commended for its avoidance of reporting bias; 7 use of accelerometry to reduce recall bias for reporting activity within daily life has also been recommended. 8 However, in general population studies, those who agree to wear an accelerometer may be more active than those who refuse to wear one, or may differ in other important characteristics, 9 such as smoking habit.
An understanding of the existence and extent of selection bias is crucial when using accelerometry data, to ensure that interpretation of results considers the generalizability of the findings. Some studies have limited analyses to those providing 7 consecutive days of wear, particularly when assessing children. 10 Others have used a 4-day minimum, which increases compliance for data collection, 11 while some studies have used 1 day as the minimum for assessing estimates of population accelerometer adherence. 3 Previous studies have found that using at least 4 days wear is a measure that adequately reflects a participant's physical activity. 11 The 2008 Health Survey for England (HSE) collected accelerometry data among a random subsample of participants. 12 This provides an opportunity to examine participant characteristics that are associated with adherence to accelerometry measures of physical activity, using these and a wide range of other data from this general population survey. This paper addresses some key questions that affect interpretation of results of studies using accelerometry data.
The aim of this study was to explore the extent to which survey participants providing adequate accelerometry data were representative of the general population. Specific objectives were to assess the representativeness of those study participants who agreed to wear an accelerometer and provided sufficient data for analysis, compared with those who agreed to wear an accelerometer and did not provide sufficient data for analysis, and those who were selected but refused to wear an accelerometer. We hypothesized that those agreeing to wear an accelerometer would be more health-conscious and from less deprived backgrounds, with these characteristics more noticeable among those wearing the accelerometer for sufficient periods.
Methods

Study Population and Design
The Health Survey for England (HSE) is a nationally representative, cross-sectional health examination survey of a random sample of the general population living in private households in England. The 2008 survey focused on physical activity and fitness. 12 A 2-stage, stratified, random sample of private addresses was selected. After sending an advance letter, an interviewer called to recruit and interview all eligible adults (aged 16 years or over) in the household (and up to 2 children aged 0-15 years, who are not considered further in this paper); a nurse visited consenting participants later. The survey fieldwork ran from January 2008 throughout the year, with the last interviews being conducted early in 2009.
Participants at all selected addresses in a random sample of these postcode sectors were the 'accelerometry households.' One adult and one child from each household, or 2 adults where there were no participating children aged 4-15 years, were randomly selected by the survey interviewer, using a Kish grid, 13 to take part in the accelerometry substudy. Selected survey participants were asked to wear the Actigraph accelerometer during their waking hours for 7 consecutive days. An information leaflet was provided and the survey interviewers explained the substudy. When the accelerometer was returned, participants were offered a token of appreciation (a High Street voucher worth £20), provided the participant reported that the accelerometer had been worn. While it is not the first nationally representative accelerometry study, 3 the HSE 2008 was the first study to distribute accelerometers to general population participants in their own homes.
All participants gave verbal consent to be interviewed and to wear the accelerometer. The survey was approved by the Oxford A Research Ethics Committee, reference 07/H0604/102.
Data
Accelerometry Variables. Objective physical activity data were collected using the Actigraph Model GT1M, the Actigraph brand being the most commonly used accelerometer worldwide for obtaining objective measures of physical activity at the time of the survey. 14 The Actigraph GT1M is a small, lightweight device that is worn on the waist with a belt. It is a digital biaxial accelerometer that provides a measure of the intensity associated with the motion of physical activity by measuring and recording acceleration on the vertical axis. 15 The raw data were analyzed using KineSoft version 3.0.98 to produce standardized outcome variables. 16, 17 The main accelerometry variables of interest for this study were mean minutes of moderate-to-vigorous (MVPA) intensity physical activity and mean accelerometer wear minutes per day. If the monitor recorded 60 consecutive zeros (ie, allowing for 2 minutes of interruption), it was considered as nonwear time (ie, the Actigraph had been removed). Moreover, files were screened for potentially spuriously high values [ie, > 30,000 counts per minute (cpm)]. Ninety-nine per cent of files had no spurious values. Graphs were created for the 1% of files with potentially spurious data and visually inspected to determine if the high counts were clustered within a bout of vigorous activity (as a means to determine their legitimacy). This secondary check showed that these 1% of files were legitimate, so no further data exclusions were performed. To be consistent with the protocol from a nationally representative American accelerometry study, which specifies that people should wear the accelerometers during waking hours, 3, 18 a 'valid' day of wear was defined as at least 600 minutes (10 hours) of wear, as determined by the data recorded by the device. 3 The study used 1-minute epochs of accelerometer data on which to base the cutpoints for the counts per minute for each activity intensity. A minute of accelerometry data were coded as follows, based on the number of counts per minute: sedentary, 0-199 cpm; light, 200-2019 cpm; moderate, 2020-5998 cpm; vigorous, more than 5998 cpm; moderate or vigorous (MVPA), 2020 or more cpm. 17 Counts from each intensity were summed and divided by the number of days worn to produce daily averages for each intensity for each respondent. Another variable was created to adjust for average wear time, to allow for comparisons in average time spent in different physical activity intensities. 12 Demographic, Socioeconomic, and Lifestyle Variables. Data on demography (age in years, sex), economic activity (in employment, unemployed or other economically inactive (ie, people who are not looking for work), retired), area deprivation (Index of Multiple Deprivation (IMD) 2007 tertiles 19 ), self-reported general health (good/very good; fair/poor/very poor), longstanding illness (limiting illness; nonlimiting illness; no illness), lifestyle behaviors including mean alcohol consumption on heaviest drinking day in last week [none; ≤ 4 units (men), ≤ 3 (women); > 4 and ≤ 8 (men), > 3 and ≤ 6 (women); > 8 units (men), > 6 units (women)], smoking status (current smoker; ex-smoker; never smoker), portions of fruit and vegetables eaten yesterday (5 or more; less than 5) and self-reported physical activity (low activity-30 minutes or more of MVPA on fewer than 4 occasions in the last 4 weeks; some activity-30 minutes or more of MVPA on 4-19 occasions; meets the government recommendations-30 minutes or more of MVPA on at least 20 occasions in the last 4 weeks), and biological markers including Body Mass Index (obese, overweight, neither obese nor overweight) and waist circumference (raised, not raised), were collected through face-to-face computer-aided personal interviewing (CAPI) and interviewer or nurse measurement. Questions to produce the self-reported physical activity variables covered participation in housework, manual/gardening/ DIY activities, walking, sports and exercise, and occupational activity. Further details of data collection have been reported elsewhere 12 .
Statistical Analysis
Preliminary Analysis. Analyses in this paper are limited to those aged 16 years or older. Using HSE 2008 data, we sought to investigate the extent to which those study participants who agreed to wear an accelerometer, and those providing sufficient data for analysis, were representative of all participants. First we examined whether those who were randomly selected to be offered an accelerometer differed from those who were not selected, using basic descriptive analysis stratified by sex for a range of demographic, socioeconomic, health, and lifestyle characteristics.
Accelerometer Subsample Analysis. Next we sought to investigate whether survey participants providing sufficient accelerometry data were representative of those selected to wear an accelerometer. The accelerometry subsample was divided into 3 groups. The first encompassed those where accelerometry data were available from at least 10 hours per day on at least 4 days (group 1) based on previously defined sufficient wear. 11 Group 2 comprised participants with some data available but less than 4 valid days (fewer hours per day and/or fewer days); group 3 comprised participants who declined accelerometer wear. It is important to distinguish between those who agreed to wear an accelerometer but did not provide sufficient data and those who declined to wear an accelerometer, because there may be different explanations that may hinder each group from wearing an accelerometer.
There was an unexpectedly high rate of accelerometers that participants said they had worn, not containing any downloadable data (see Figure 1 ). This was not associated with any geographical area, field staff, or accelerometers. Preliminary analyses of participants who reported they wore the accelerometer but no data were recorded showed that these participants appeared to be similar to the overall study population in every other way. Subsequent investigation revealed that there was a technical issue, due to excessive delay between initializing the accelerometers at the central location and the interviewers issuing them to participants. This was a completely random occurrence and is unlikely to occur in other studies, both because most studies issue accelerometers in a central study location and because of lessons learned from the HSE experience. We therefore excluded them from further analysis.
To assess our primary question of whether people providing sufficient accelerometer data differ from those who did not, we prepared 4 multinomial regression models to assess the association between thematic groups of variables and Actigraph wear group, with those wearing the Actigraph for 4+ valid days as the reference group. Variables were chosen for each model based on factors that are associated with physical activity, and therefore, could also be potentially associated with propensity to wear an Actigraph. Variables were included in the block analysis regardless of whether they had univariate associations with the outcome since no variation between outcome groups was also an important finding. We attempted to keep the sample size as large as possible. Therefore, some other biological markers for which fewer participants provided data, including blood pressure and glycated hemoglobin, were assessed but subsequently dropped from the models as they were not significantly associated with the outcome, and would have reduced the sample size considerably. Each of the 4 models was adjusted for age (as a continuous variable) and sex. The first model considered socio-demographic and socioeconomic variables (economic activity and IMD tertile). Because of potential issues with collinearity, economic activity was selected over socioeconomic position and education (using correlation tests and stepwise regression) as the most informative predictor among the 3 to be used in the regression models. The second model considered health (general health, and longstanding illness) and lifestyle behaviors (smoking status, alcohol consumed on heaviest drinking day (in 4 categories), self-reported physical activity (in 3 groups), and fruit and vegetable consumption (dichotomized as 5+ per day or < 5 portions/day). The third considered biological measurements: body mass index (BMI) and waist circumference (WC) as categorical variables. Finally, the fourth model included all the variables that were statistically significant, or borderline significant, from the first 3 models.
Data preparation and descriptive analyses were conducted in SPSS v15. Regression models were run in STATA v8 using the complex survey commands, to enable estimation of the significance and confidence intervals corrected for the complex survey design. Nonresponse weightings to the interviewer stage or the nurse visit were used as appropriate, depending on which variables were included in the models. Further information on HSE weights can be found elsewhere 12 .
Results
Results Comparing the Accelerometry Sample With Other HSE 2008 Participants
At least 1 adult responded at each of 9191of the 14,242 apparently valid sampled addresses, yielding 15,102 adults (6760 male) interviewed in the HSE 2008 (58% response rate in the general population, 88% of adults in co-operating households, 100% of the 2008 HSE sample, Figure 1 ). Those selected to be offered an accelerometer were older, more likely to be retired and more likely to have a limiting longstanding illness than HSE 2008 participants not in the accelerometry subsample (supplementary information, Table w1 ). The 2 groups also differed in their educational attainments. Figure 1 -Actigraph participants. a 'Ineligible' comprises addresses where no private households were found (eg, addresses that no longer existed), were abandoned, or were not private (eg, commercial properties); b Co-operating households are those in which at least 1 adult provided some information; c Adult not participating includes those who were unable to give informed consent or otherwise ineligible or were not contacted, as well as those who refused.
Results From Accelerometry Subsample
Of the 4507 adults interviewed in HSE08 selected to be in the accelerometry subsample, 874 had no data on their accelerometer (see Methods) and were subsequently excluded, and 2663 (1033 male) had complete information on all variables used in the regression analysis and were included in the accelerometer sample comparison component of this study (81% of the participants selected to be offered an accelerometer; Figure 1 ).
The descriptive characteristics of the 3 groups are displayed in Table 1 .
Regression Results
Multinomial regression (Table 2 ) with socioeconomic and demographic variables (model 1) showed that compared with those providing 4+ valid days (ie, sufficient) accelerometry data, those who wore the accelerometer for less than that were younger but more likely to be either retired or unemployed/ not looking for work. Those who declined to wear an accelerometer were no different from the reference group in these respects.
Those who wore an accelerometer less than 4 valid days and those who declined to wear an accelerometer did not differ from those who wore it 4+ days in terms of health status (ie, self-reported general health and longstanding limiting illness), but they did in terms of some lifestyle behaviors (model 2). Those who wore the accelerometer for less than 4 valid days were more likely to be current smokers, while those who declined were less likely to do at least 30 minutes physical activity on 5 days a week, compared with those who wore the accelerometer for 4+ valid days. The 3 groups did not differ in terms of alcohol consumption and having eaten at least 5 portions fruit or vegetable per day. Neither did the groups differ with respect to BMI or waist circumference (model 3).
In addition to all the variables that were significant from the first 3 models, model 4 also included selfreported general health, as there was a borderline significant association with those who wore an accelerometer less than 4 days being less likely to report good/very good health (P = .074). The full model included age, sex, economic activity, self-reported health, smoking status, and self-reported physical activity. Those who declined to wear an accelerometer were no different from those who wore the accelerometer 4+ valid days. The association with physical activity was no longer significant. Those who wore the accelerometer less than 4 valid days still differed significantly from those providing sufficient accelerometry data: they were younger, more likely to be retired or unemployed/not looking for work, and a current smoker. The association with self-reported general health was further weakened, and was not significant.
Discussion
The main aim of this study was to compare the characteristics of those providing sufficient accelerometry data with other survey participants, to establish the representativeness of the accelerometer wearers. The initial bias occurs through nonresponse to any part of the survey. Being based on addresses, no individual level data are available from nonresponders, although nonresponse weighting to the interview corrects for differences between the general population and the participants in their age, sex, and social class. The first part of this study found that participants selected for an accelerometer were older, more likely to be retired and to report having a limiting longstanding illness, and had lower educational achievements than those not selected; each of these latter 3 is more common in older people. It is possible that interviewers did not always follow the protocol to select 1 adult per household at random but chance variation is a more likely explanation: random selection does not guarantee that samples are matched, only that differences that occur do so by chance. For example, the primary sampling units for the accelerometry households may have been in areas with a higher proportion of older people. Most analyses of the HSE 2008 accelerometery data use nonresponse weights that were calculated based on matching those who provided accelerometry data (and whose accelerometer did encounter a fieldwork error) with general population demographics on age, sex, and regional profiles, so this will reduce the effect of the accelerometry subsample being older. It is important that data users apply appropriate weights to analysis that uses the accelerometry subsample of at least 4 valid days wear.
Given that objective measures for physical activity have been credited with providing more accurate data by eliminating reporting bias and recall bias, 7,8 the second part of this study explored the extent to which the group of accelerometer wearers who wore the Actigraph for at least 4 valid days were representative of the sample selected and offered an accelerometer who either wore it less than 4 valid days or declined to wear it . The results suggest that those who declined the invitation to wear an accelerometer did not differ significantly from those who wore one for at least 4 valid days, the minimum recommended number for accelerometry data. 11 A study in Japan found that those survey participants who agreed to wear an accelerometer reported more leisure walking. 9 Although those declining to wear an accelerometer in our study did report less physical activity than those with sufficient wear, this difference was no longer statistically significant after adjustment for age, sex, economic activity, self-reported health, and smoking status.
However, the group who wore an Actigraph for less than 4 valid days did differ from those who provided sufficient accelerometry data. Compared with those who provided sufficient data, those who wore it less were younger (though more likely to be retired or otherwise not in employment), and were more likely to be current smokers. Smokers are typically less physically active than their nonsmoking counterparts 20 but with mutual adjustment, there was no significant difference in self-reported physical activity between these 2 groups.
These differences have potential implications for researchers using the 2008 Health Survey for England accelerometry data. Data users should acknowledge known sources of response bias in the accelerometer data. They also have implications for other studies using accelerometry data, unless the researchers examine issues of participation and compliance, and adjust appropriately if not all invited participants provide full data. While a single optimum measure of physical activity has not yet been realized, a combination of both objective and selfreport physical activity measures may be most accurate. 21 There are limitations to this study. In an attempt to keep the sample size as large as possible, we excluded variables, such as income and certain biological markers, which had substantial missing data. Therefore, the * P < .05; ** P < .01; *** P < .001.
participants may also differ in other ways, beyond what was measured in this study. Despite these limitations, this study is the first to report the characteristics of survey participants who chose to wear accelerometers for different amounts of time-or not at all-from a nationally representative general population sample in private households. The fact that participants were contacted in their home probably resulted in the recruitment of at least some accelerometry participants who might not normally be included in other national accelerometer samples. As the survey was part of the HSE, there is a wealth of interview and examination data available for these participants.
In conclusion, the differences in response by accelerometer wear group indicate that there is potential selection bias in the accelerometer sample providing sufficient data. It is reassuring that those who refused to wear an accelerometer were not significantly different from those who complied with the study; and that neither those refusing nor those wearing the accelerometer for insufficient time reported significantly less activity, after adjustment for other relevant factors. Our findings will be useful for data users regarding potential biases that could arise when using the 2008 HSE accelerometry data (and accelerometry data collected in other, similarly designed studies), and how these differences should be acknowledged as potential limitations. It is important to develop strategies to reduce this bias in future accelerometer studies that use similar recruitment methods.
